S1. Supplementary Figures
Supplementary Figure 1| Room-temperature photoluminescence as a function of gate voltage. a, Normalized peak intensity of PL as a function of gate voltage b, PL spectra at selected gate voltages. ( − ∓2) = 1, or in other words, − ∓ 2 = 3 , where is an integer. At + (− ), we have = 0 and = +2 (−2), allowing transitions for two -( +) photons. Thus the valley-contrasting optical selection rule extends to two-photon interband transitions, but with a flip in the helicity allowed for each valley. For SHG at+ (− ), two-photon absorption of two -( +) photons is accompanied by immediate emission of a single + ( -) photon of twice the energy. This leads to the prediction of cross-circularly polarized SHG, fully consistent with the macroscopic approach. Under the C3 rotation, the 1s exciton wavefunction transforms the same as the product of the electron and hole Bloch states at the K points. Thus, the above selection rule is also applicable to the resonant SHG at the 1s exciton. 
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